) and hydroxy radical (OH · ), as well as non free radical species, such as hydrogen peroxide (H 2 O 2 ). 1) Although the generation of ROS is an essential defense mechanism in some instances, it can also cause tissue damage and a wide range of common diseases, including inflammation, aging, cancer, arteriosclerosis, hypertension and diabetes. [2] [3] [4] [5] [6] [7] [8] Aerobic organisms have an antioxidant defense that protects against these oxidative stresses. 1) As enzymatic defense mechanisms, superoxide dismutase (SOD), which catalyses the dismutation of superoxide anion to hydrogen peroxide, and catalase (CAT), which converts hydrogen peroxide into molecular oxygen and water, are important. Non-enzymatic antioxidants include vitamins, such as ascorbic acid, a-tocopherol, b-carotene, glutathione and flavonoids, as well as micronutrient elements, such as zinc and selenium. 9) Therefore, researchers are looking for natural antioxidants with strong pharmacological action and less cytotoxic properties.
Clerodendron trichotomum THUNB., whose Japanese name is Kusagi, belongs to the Verbenaceae family, and grows wild in the fields and mountains of Korea, Japan and China. 10, 11) The dried leaf and stem of C. trichotomum, which is called 'CHOU WU TONG ', has diverse pharmacological activities, such as antihypertensive, sedative, analgesic, antirheumatic and anti-inflammatory properties. [12] [13] [14] Several flavonoids, 15, 16) diterpenes, [17] [18] [19] blue pigments, 20) sterols 21) and phenylpropanoid glycosides 22, 23) have been isolated from C. trichotomum.
Many studies have focused mainly on the biological activities of phenolics, which are potent antioxidants and free radical scavengers. [24] [25] [26] However, phenylpropanoid glycoside, a class of plant constituent, had generated relatively little interest compared to phenolic compounds. Hence, this paper describes the antioxidant activity of jionoside D from C. trichotomum. H-NMR) with those reported in the literature.
MATERIALS AND METHODS

Plant Material
27) The chemical structure of jionoside D is shown in Fig. 1 .
Cell Culture Chinese hamster lung fibroblast, V79-4, cells were maintained at 37°C in an incubator with a humidified atmosphere of 5% CO 2 , and cultured in Dulbecco's modified Eagle's medium containing 10% heat-inactivated fetal calf serum, streptomycin (100 mg/ml) and penicillin (100 unit/ml).
Chemicals The 1,1-diphenyl-2-picrylhydrazyl (DPPH) Ϫ4 M solution of DPPH in methanol, and the reaction mixture was shaken vigorously. After 5 h, the amount of DPPH remaining was determined at 520 nm.
29)
Lipid Peroxidation Inhibitory Activity Lipid peroxidation was assayed by the measurement of malondialdehyde (MDA).
30) The V79-4 cells were seeded in a culture dish at a concentration of 1.0ϫ10 5 cells/ml, and at 16 h after plating they were treated with various concentrations of jionoside D. One hour later, 1 mM H 2 O 2 was added to the plate, which was incubated for a further 1 h. The cells were then washed with cold PBS, scraped and homogenized in ice-cold 1.15% KCl. 100 ml of cell lysate was combined with 0.2 ml of 8.1% SDS, 1.5 ml of 20% acetic acid adjusted to pH 3.5, and 1.5 ml of 0.8% thiobarbituric acid (TBA). The mixture was adjusted to a final volume of 4 ml with distilled water and heated to 95°C for 2 h. After cooling to room temperature, 5 ml of a mixture of n-butanol and pyridine (15 : 1, v/v) was added to each sample, and the mixture was shaken vigorously. After centrifugation at 1000ϫg for 10 min, the supernatant fraction was isolated, and the absorbance measured at 532 nm.
Cell Viability The effect of jionoside D on the viability of V79-4 cells was determined by MTT assay, which is based on the cleavage of a tetrazolium salt by mitochondrial dehydrogenase in viable cells.
31) The V79-4 cells were seeded in a 96-well plate at a concentration of 1.0ϫ10 5 cells/ml, and at 16 h after plating they were treated with various concentrations of jionoside D; 1 h later 1 mM H 2 O 2 was added to the plate, followed by incubation for an additional 24 h at 37°C. 50 ml of MTT stock solution (2 mg/ml) was then added to each well, to create a total reaction volume of 200 ml. After incubation for 4 h, the plate was centrifuged at 800ϫg for 5 min and the supernatants were aspirated. The formazan crystals in each well were dissolved in 150 ml DMSO, and the A 540 was read on a scanning multi-well spectrophotometer.
Nuclear Staining with Hoechst 33342 The V79-4 cells were placed in a 24-well plate at a concentration of 1.0ϫ10 5 cells/ml, and at 16 h after plating they were treated with various concentrations of jionoside D. After further incubation for 1 h, 1 mM H 2 O 2 was added to the culture. After 24 h, 1.5 ml of Hoechst 33342 (stock 10 mg/ml), a DNA specific fluorescent dye, was added to each well (1.5 ml), followed by incubation for 10 min at 37°C. The stained cells were then observed under a fluorescence microscope equipped with a CoolSNAP-Pro color digital camera to examine the degree of nuclear condensation.
Flow Cytometry Analysis Flow cytometry was performed to determine the apoptotic sub G 1 hypo-diploid cells.
32) The V79-4 cells were placed in a 6-well plate at a concentration of 1.0ϫ10 5 cells/ml, and at 16 h after plating they were treated with various concentrations of jionoside D. After a further incubation of 1 h, 1 mM H 2 O 2 was added to the culture. After 24 h, the cells were harvested at the indicated times, then fixed in 1 ml of 70% ethanol for 30 min at 4°C. The cells were washed twice with PBS, then incubated for 30 min in the dark at 37°C in 1 ml of PBS containing 100 mg propidium iodide and 100 mg RNase A. Flow cytometric analysis was performed with a FACSCalibur flow cytometer. The proportion of sub G 1 hypo-diploid cells was assessed by the histograms generated by the computer program, Cell Quest and Mod-Fit.
Superoxide Dismutase (SOD) Activity The V79-4 cells were seeded at a concentration of 1.0ϫ10 5 cells/ml, and at 16 h after plating they were treated with various concentrations of jionoside D for 1 h. The harvested cells were suspended in 10 mM phosphate buffer (pH 7.5) and then lysed, on ice, by sonicating them twice for 15 s. 1% Triton X-100 was then added to the lysates and incubated for 10 min on ice. The lysates were clarified, by centrifugation at 5000ϫg for 10 min at 4°C, to remove the cellular debris. The protein content of the supernatant was determined by the Bradford method, using bovine serum albumin as the standard. The SOD activity was used to detect the level of epinephrine auto-oxidation inhibition. 33) 50 mg of protein was added to 500 mM phosphate buffer (pH 10.2) and 1 mM epinephrine. Epinephrine rapidly undergoes auto-oxidation at pH 10.0 to produce adrenochrome, a pink-colored product, which was assayed at 480 nm using a UV/VIS spectrophotometer in the kinetic mode. SOD inhibits the auto-oxidation of epinephrine. The rate of inhibition was monitored at 480 nm and the amount of enzyme required to produce 50% inhibition was defined as one unit of enzyme activity. The SOD activity was expressed in units/mg protein.
Catalase (CAT) Activity 50 mg of protein was added to 50 mM phosphate buffer (pH 7.0) and 100 mM (v/v) H 2 O 2 incubated for 2 min at 37°C, and the absorbance was monitored for 5 min at 240 nm. The change in absorbance is proportional to the breakdown of H 2 O 2 .
34) The CAT activity was expressed in units/mg protein.
RESULTS
Radical Scavenging Activity of Jionoside D
The antioxidant activities of jionoside D, from C. trichotomum, were evaluated by the intracellular ROS and DPPH free radical scavenging activities. The intracellular ROS scavenging activity of jionoside D was 41% at 0.1 mg/ml, 62% at 1 mg/ml and 85% at 10 mg/ml, respectively ( Fig. 2A) . This compound at 10 mg/ml effectively inhibited the intracellular ROS by 86%, whereas N-acetylcystein used as a positive control showed 90% of ROS inhibition. This ROS scavenging activ-ity of jionoside D is consistent with its DPPH radical scavenging activity (Fig. 2B) , which was 25% at 0.1 mg/ml, 36% at 1 mg/ml, and 55% at 10 mg/ml compared to 93% of Nacetylcystein used as a positive control. When the reaction of DPPH and jionoside D was detected at various times (30 min, 1 h, 3 h, 5 h, 24 h), the scavenging effect of the DPPH radical by jionoside D showed significantly at 5 h (data not shown). However, the DPPH radical scavenging activity of jionoside D was low compared to its intracellular ROS scavenging activity. Taken together, these results suggest that jionoside D from C. trichotomum has an antioxidant effect.
Effect of Jionoside D on Lipid Peroxidation
The ability of jionoside D to inhibit lipid peroxidation in H 2 O 2 -treated V79-4 cells was also tested. The generation of malondialdehyde (MDA), and related substances that react with thiobarbituric acid (TBA), was inhibited by this compound. The activities of jionoside D were 11% at 0.1 mg/ml, 22% at 1 mg/ml and 28% at 10 mg/ml (Fig. 3) . N-Acetylcystein (NAC) as a positive control, which showed high scavenging activity against H 2 O 2 and the DPPH radical, 90% and 93% respectively, was used on H 2 O 2 -induced cellular lipid peroxidation. However, the inhibitory effect of NAC (43%) on lipid peroxidation was not very effective compared to its scavenging activity against H 2 O 2 and DPPH radical.
Protective Effect of Jionoside D on Cell Survival The protective effect of jionoside D on cell survival in H 2 O 2 -treated V79-4 cells was also measured. Cells were treated with jionoside D at various concentrations for 1 h prior to the addition to H 2 O 2 . Cell survival was determined 24 h later using the MTT assay. As shown in Fig. 4 , treatment with this compound induced a dose-dependent increase in the cell survival: 11% at 0.1 mg/ml, 34% at 1 mg/ml, and 70% at 10 mg/ml.
Reduction of H 2 O 2 -Induced Apoptosis by Jionoside D Treatment
In order to analyze the protective effect of jionoside D on H 2 O 2 -induced apoptosis, the nuclei of V79-4 cells were stained with Hoechst 33342 and propidium iodide dye for microscopic and flow cytometric detection, respectively. As shown in Fig. 5A , the control cells revealed intact nuclei, but the H 2 O 2 -treated cells showed significant nuclear fragmentation, characteristic of apoptosis, under microscopy. However, when the cells were treated with jionoside D for 1 h prior to H 2 O 2 -treatment, a dramatic decrease in nuclear fragmentation was observed. In addition to the morphological evaluation, the protective effect of jionoside D was confirmed by flow cytometry. As shown in Fig. 5B , analysis of the DNA content in only the H 2 O 2 -treated cells revealed an increase of 26%, in the proportion of cells with apoptotic sub-G 1 DNA content. Treatment at 10 mg/ml of jionoside D decreased the apoptotic sub-G 1 DNA content to 16%. These results suggest that this compound protects cell viability through the prevention of H 2 O 2 -induced apoptosis.
Effect of Jionoside D on Superoxide Dismutase (SOD) and Catalase (CAT) In order to investigate whether this antioxidant activity of jionoside D was mediated by the increased activities of antioxidant enzymes, the SOD and CAT activities in jionoside D-treated V79-4 cells were measured. Jionoside D increased the activities of these two enzymes (Figs. 6A, B) : for the SOD activity, to 25 U/mg protein at 0.1 mg/ml, to 28 U/mg protein at 1 mg/ml and to 39 U/mg protein at 10 mg/ml, compared to 12 U/mg protein for the control; for the CAT activity, 23 U/mg protein at 0.1 mg/ml, 27 U/mg protein at 1 mg/ml, and 35 U/mg protein at 10 mg/ml, compared to 11 U/mg protein for the control.
DISCUSSION
Mammals constantly form reactive oxygen species (ROS), by oxidative and reductive processes in the mitochondria, from oxygen (O 2 ) derived from respiration or by the immune system upon exposure to foreign antigens, and externally by radiation or various chemicals. However, anti-oxidant enzyme systems of the body, which are superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase, and various anti-oxidant chemicals, such as vitamins C and E, uric acid and bilirubin, constantly remove the ROS formed. Therefore, a balance between the generation of ROS and its removal is made, thus maintaining cellular function. However, under conditions where many ROS are produced or the anti-oxidant system is suppressed, cells are attacked by ROS, a process referred to as "oxidative stress." In many clinical disorders, oxidative stress is increased, and a constant stream of studies concern the alleviation of these disorders by administering anti-oxidants to those suffering from disorders that cause oxidative stress. For example, diabetic patients are subjected to levels of oxidative stress that are much higher than in normal subjects, and some complications are relieved by anti-oxidant treatment. 35) Therefore, researchers have made numerous efforts to find antioxidants. For this reason, the antioxidant properties of Clerodendron trichotomum have been characterized. A high level of ROS can tilt the balance toward a pro-oxidant state. The resulting oxidative stress is responsible for the damage of cellular molecules, especially DNA, protein, and unsaturated lipids. This situation leads to the degeneration of cellular structures and ultimately apoptosis or necrosis of cells or tissue. 36) The most important molecular antioxidants in mammals are a-tocopherol, Lascorbic acid, ubiquinone, lipoic acid, and glutathione, which are able to scavenge most ROS directly and/or indirectly.
Jionoside D, isolated from C. trichotomum, increased intracellular ROS and DPPH radical scavenging activities and then enhanced the viability of V79-4 cells exposed to H 2 O 2 . The protective effect of this compound on H 2 O 2 -induced apoptosis was observed under microscopy and with flow cytometry. The cells exposed to H 2 O 2 exhibited distinct morphological features of apoptosis, such as nuclear fragmentation and an increase in the percentage of sub G 1 hypo-diploid cells. However, cells that were pretreated with jionoside D had significantly reduced numbers of apoptotic cells, as shown by their morphology and sub G 1 DNA contents. This compound increased the activities of the antioxidant enzymes, SOD and CAT. These enzymes are modulated in various diseases caused by free radical attack.
1) Thus, maintaining the balance between the rates of generation and the scavenging of radicals is an essential part of biological homeostasis. SOD catalyses the breakdown of O 2Ϫ to O 2 and H 2 O 2 , prevents the formation of OH Ϫ , and has thereby been implicated as an essential defense against the potential toxicity of oxygen. The ROS scavenging activity of SOD is effective only when it is followed by the actions of CAT, as SOD generates H 2 O 2 , which needs to be further scavenged by CAT. Jionoside D activated SOD and CAT, indicating that this compound can effectively scavenge O 2 Ϫ and H 2 O 2 . The effects of jionoside D on cell viability might involve dual actions: direct oxygen radical scavenging, shown by DPPH radical scavenging of jionoside D, and indirectly through the induction of the anti-oxidative enzymes superoxide dismutase and catalase by jionoside D.
In conclusion, jionoside D isolated from C. trichotomum had intracellular ROS and DPPH radical scavenging activities, promoted cell viability, inhibited H 2 O 2 -induced apoptosis and enhanced the effects of antioxidant enzymes.
